The aim of this work was to optimize the process parameters through the statistical approach for the production of alpha amylase by Bacillus sp. in submerged fermentation (SMF) 
INTRODUCTION
Today a large number of microbial amylases are available commercially and they have almost completely replaced chemical hydrolysis of starch in starch processing industry [1] . α-Amylase (E.C.3.2.1.1.) breaks down the α -1,4glucosidic bonding of linear amylose and branching amylopectin which are the major building blocks of starch [2] . Althoughamylases can be derived from several sources, including plants, animals, and microorganisms, microbial enzymes generally meet industrial demands. Biotechnological industry has always given thrust on the application of thermostable enzymes (thermozymes) for bioprocess technologies [3, 4] . Among the currently available commercial enzymes, thermostable amylases have occupied most market share due to their wide application in different industries.
Crave towards thermostable amylases are well understood with the prediction that expects that amylases business will reach $1.7 billion in 2016, with a future growth rate of 8.2% [5] .
It is well documented that extracellular amylase production by microbes is greatly influenced by media components, especially carbon and nitrogen sources, minerals and physical factors such as pH, temperature, agitation, dissolved oxygen and inoculum density [6] [7] [8] . The most frequently used operation in biotechnology is to improve the fermentation conditions for maximizing cell density, high level of desired metabolic product or enzyme levels in microbial system [9] . Recently, a number of statistical experimental designs with response surface methodology have beenemployed for optimizing enzyme production from microorganisms [10] [11] [12] [13] . However, 3D and counter plots for response surfaces can provide a good way for visualizing the parameter interaction. Therefore, statistical technique is often used for predicting optimum process conditions for microbial enzyme Mahendra Kumar Gupta et al J Microbiol Biotech Res, 2017, 7 (3):7-15 ___________________________________________________________________________ 8 production [14] . Statistical optimization not only allows quick screening of a large experimental domain, but also reflects the role of each of the components. The classical method for medium optimization involves changing one independent variable keeping the other factors constant. This method is time-consuming and incapable of detecting the true optimum, due to the interactions among the factors and this limitation of a single factor optimization process can be eliminated by different techniques. Optimization through factorial design and response surface methodology (RSM) is a common practice in biotechnology for the optimization of media components and culture conditions [15, 16] .
In the current study, we described the optimization of an appropriate fermentation medium for -amylase production, with the help of full-factorial composite design using RSM. This investigation deals with the optimization of the most important three fermentation variables using RSM for the production of thermostableα-amylase from Bacillus sp. isolated from soil.
MATERIALS AND METHODS

Microorganism
The efficient amylase producing Bacillus sp. was isolated from soil. The screening was done using amylase screening starch medium and isolates showing zone of hydrolysis were positive for amylase production. The isolate showing highest zone of hydrolysis was selected for enzyme production. This isolate was identified as Bacillus sp. by different morphological and biochemical tests [17] . This culture was preserved in glycerol stock and agar slant at -20 o Cand 4 o C, respectively.
Quantitative screening for amylase (i) Inoculum preparation
The inoculum was prepared by inoculating a loopful of amylase producing bacterial cultures in Erlenmeyer flasks (250mL) containing amylase screening broth (50mL) and incubated at 50 o C in an incubator shaker at 250 rpm for 24 h. 1mL of this culture (CFU≈10 8 /mL) was directly used as inoculum in 100mL of amylase screening broth (i.e. 1% inoculums level).
(ii)Production of amylase The amylase producing bacterial isolates selected in the previous step was screened for enzyme production in the broth containing starch (0.5 %). Erlenmeyer flasks (250mL) containing 50mL medium were inoculated with 1% inoculums and incubated at 50°C in an incubator shaker at 250 rpm for 72 h. 6mL of sample was withdrawn from flask after 24 h, 48 h and 72 h of incubation. The cell-free supernatant obtained after centrifuging the culture broth at 10,000 rpm for 10 min, was used as the source of extracellular amylase. The supernatant of the culture was used to estimate enzyme activity.
(iii) Enzyme Assay
Enzyme in the cell-free culture filtrate was assayed by determining the amount of glucose liberated from starch using DNSA reagent [6] . The reaction mixture containing 0.5mL appropriately diluted enzyme and 0.5mL of 0.5% starch as substrate (in phosphate buffer, pH 11) was incubated for 10 min at 50°C and 1mL DNSA was added and incubated at 100 o C for 8 min in a boiling water bath and followed by the addition of 0.4mL freshly prepared sodium potassium tartarate, mixed thoroughly after that cooled to room temperature, and optical density was measured at 540nm. The enzyme activity was determined by using standard curve, drawn with glucose levels according to Miller [18] .
Optimization of submerged fermentation parameters for amylase production by RSM Plackett-Burman, a two-factorial design, identifies critical chemical and physical parameters required for elevated enzyme production by screening N variables in N+ 1 experiment [19] . 'Design Expert 6.0' Stat-Ease, Inc. Minneapolis, USA, was used to generate experimental design with similar variables. Two values of each variable {maximum (+) and minimum (-)} were chosen such that the difference between the two values (+ and -) was large enough to ensure that the peak area for highest enzyme production was included. Two dummy variables were also included in the experimental design to evaluate the experimental error. The effects of different carbon and nitrogen sources on α-amylase production was observed by considering as independent variables. The eleven variables, seven nutritional (starch, ammonium sulphate, FeSO4, MgSO4, K2HPO4, polyethylene glycol, CaCl2 and micronutrient solution), two physical (pH &inoculums level) and two dummies (to evaluate the error in design) were analyzed. The effect of variables on enzyme production was calculated by using the following equation: Table 6 . Showing R-Squared value, adjusted, predicted R-squared value, precision and F-value measured were added to the medium at their maximum and minimum level (Table 1) , respectively and N is the number of experiments carried out.
Experimental error was calculated by determining the variance among the dummy variables using the following equation:
Where Veff is the variance of the effect of level, Ed is the effect of level for the dummy variables and N is the number of dummy variables used in the experiment. (Table 2) .
Enzymatic activity was measured in triplicates in twenty different experimental runs. The amylase production was analyzed by using a second order polynomial equation; and the data were fitted into the equation by multiple regression procedure. The model equation for analysis is given below:
where Y is the predicted response; βo is the offset term; βi is the linear effect; βii is the squared effect; βij is the interaction effect. For three variable systems the model equation was -Y = βo + β1A+ β2 B+ β3C+ β11 A 2 + β22 B 2 + β33 C 2 + β12 AB.
With the help of Design Expert Software, the contour plots were generated.
Validation of the model and large-scale production of amylase
Erlenmeyer flasks of varying capacities (250, 500, 1,000 and 2,000mL) containing 50, 100, 200 and 400mL of broth were autoclaved, inoculated with the seed culture and incubated at 50ºC in an incubator shaker for 48 h at 250 rpm. The cultures were harvested and assayed for amylase. (Table 3) .
RESULTS AND DISCUSSION
Isolation and screening of microorganism
Quantitative screeningfor amylase
The higher zone producing strains were (1A, 4A) selected and screened for amylase production in submerged fermentation in starch yeast extract broth at 50 o C and 11pH. The enzymes titre was quantified with the help of standard curve of glucose ( 
Optimization of culture variables for amylase production by RSM
A chemically defined medium allows the determination of specific requirements for growth and product formation by systematically adding or eliminating chemical components from the formulation, with minimal complicated medium interactions [24] . Plackett-Burman design was used to analyze the effect of eleven variables (including two dummy) on amylase production. Variability in three factors (Starch, NH4SO4 andpH) significantly affected enzyme production (Table 5) .None of the dummy factors showed impact on enzyme production, which confirmed the validity of the Plackett-Burman design. In addition, the coefficient of determination (R 2 ) of the model was 0.9953 that could explain up to 99.53% variability of the data. The F value of 46.59 implied that the model was significant. 'Prob>F' value of less than 0.05 was further substantiated that the model terms were significant (Table 6 ).
Response surface methodology is considered to be one of the widely applied methods for optimization the enzyme production [25] [26] . The RSM used in this investigation suggested the importance of three factors at different levels. A high similarity was observed between the predicted and experimental results, which reflected the accuracy and applicability of RSM to optimize the process for enzyme production. The three significant factors (Concentration of starch, (NH4)2SO4 and pH) were optimized using RSM, and the results obtained by CCD were analyzed by standard analysis of variance (ANOVA). The results of CCD experiments for studying the effect of three independent variables are presented along with the mean predicted and experimental responses in (Table 7) . Uma Maheswar Rao and T. Satyanarayana used the central composite design (CCD) resulting with three variables: glucose, riboflavin and inoculum density. An overall 24 and 70% increase in enzyme production was attained in shake flasks and fermenter because of optimization by RSM, respectively [27] . In another study by Bhaskara Rao RSM was employed to examine the combined interaction of different variables viz, starch, yeast extract, pH, NaCl and temperature [28] . After optimization, production media for amylase from marine Bacillus sp. VITRKHB was found to be economical and an enhancement in enzyme activity was achieved.
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The second order regression equation for the amylase production as a function of Starch (A), (NH4)2SO4 (B) and pH (C) was as mentioned below:
Amylase production= +1.216E+005+4531.25*A+1587.50*B+3560.00* C-7524.32*A 2 -10205.57*B 2 -7208.07*C 2 -262.50*A*B+3407.50*A*C-662.50*B*C ANOVA for amylase production indicated that the 'F' value of the model was 93.12, and the value of 'Prob>F value' was <0.0001, suggesting that the model was highly significant (Table 7) . All three linear coefficients (A, B and C) and the quadric term of A 2 , B 2 and C 2 were significant for amylase production. The interaction of A with C was also significant for enzyme production.
The coefficient of determination (R 2 ) was calculated as 0.9882 for amylase production that can explain up to 98.82% variability of the response (Table 8 ). The closer the R2 is to 1.0, the stronger the model and the better it predicts the response [29] . The purpose of statistical analysis is to determine the experimental factors, which generate signals that are large in comparison to the noise. The adequate precision, the signal to noise ratio of 26.879, suggested an adequate signal. The predicted R 2 of 0.9138 suggest a strong agreement between the experimental and predicted values for amylase production. The adjusted R 2 corrects the R 2 value for the sample size and for the number of terms in the model. The effect of interaction of various physiochemical parameters on the amylase production (z axis) was studied by plotting three-dimensional response surface curves against any two independent variables, while keeping the other independent variable at their '0' levels. Therefore, three response surfaces were obtained by considering all the possible combinations. Fig.1 . depicts the threedimensional curve and contour plot of the calculated response surface from the interaction between Starch and (NH4)2SO4 while keeping pH at '0' level. An initial linear increase in amylase production was observed when starch concentration and (NH4)2SO4 increased followed by a decline after reaching a plateau at around 1, 22, 000 UL -1 , a maximum increase was observed at the '0.65%' level of Starch and (NH4)2SO4 with a pH of 8.0 ('o'). Response surface graphs were mainly used to find out the optima of the variables for which the response was maximized.
Contour plots of Starch concentration and pH revealed that a higher level of both parameters led to a negative impact on amylase production (Fig. 2) . Thus, a starch concentration of 0.65%, (NH4)2SO4 0.55% and pH 8.33 were required for attaining a high enzyme titre of 1, 22, 982 UL -1 in shake flask.
Bhaskara Rao [2013] examined the combined effect of the independent variables starch (A), yeast extract (B), pH (C), NaCl (D) and temperature (E) on the activity of amylase from Bacillus VITRKHB by plotting the 3D curves of the calculated enzyme activity for the interactions between the variables. Optimal level of the significant variables for the maximum amylase production were: pH -6.13, starch -0.21%, yeast extract -0.65%, temperature -45°C, and NaCl -4.63%.
Validation of the model and large scale production of amylase
To validate the model, amylase production was attempted under conditions predicted by RSM. The enzyme production attained in shake flasks was comparable to that of produced by CCD. A comparable enzyme titre was attained in shake flasks of varied volume (0.25 -2 L) (Table 8) As a result of media optimization a titre of 1, 22,000 U/L -1 was achieved. A total of 2.4 fold increase in enzyme activity was observed. After media optimization an increase of 1.25-2-fold in α-amylase production was reported in Bacillus circulans GRS 313 [7] and Aspergillusoryzae [8] by using RSM; yeast extract and soybean meal concentrations significantly influenced the enzyme production. Among three variables tested in this investigation, glucose (3%) and inoculum density (3%) were the major factors that influenced the enzyme titre.
CONCLUSION
Designing the appropriate medium for the fermentation is an open ended, time consuming, laborious process involving large number of experiments. The Plackett-Burman experimental design is the preliminary technique for rapid illustration of the effects of various medium constituents. Therefore, in the current study further optimization of selected nutrients having greater contribution for amylase production was done by RSM. RSM used in this investigation suggested the importance of various factors at different levels. A high similarity was observed between the predicted and experimental results, which reflected the accuracy and applicability of RSM to optimize the process for enzyme production. The study suggests that the amount of starch concentration, ammonium sulphate and pH affects submerged fermentation significantly. Such optimization method has successfully maximized production up to 2.4 fold. This enhancement in amylase secretion could be attributed to improved aeration and maintenance of pH. Improvement in product yields are expected in the fermenter, as compared to that in flasks, because of better control of process parameters in the former [30] .
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